Abstract: Vortex has been considered as the building block and muscle of turbulence for long time. A new physical quantity called Liutex (previously named Rortex) has been defined as the rigid rotation part of fluid motion [C. Liu et al., "Rortex-A new vortex vector definition and vorticity tensor and vector decompositions", Phys. Fluids 30, 035103 (2018)]. Since turbulence is closely related to vortex/rotation, it is concluded that there is no turbulence without Liutex and there is no turbulence without asymmetric Liutex. From DNS and experiment, forest of hairpin vortices has been found in flow transition and low Reynolds turbulence, but more and more one leg vortices appear in fully developed turbulence. This letter shows hairpin vortex is unstable. Hairpin vortex will weaken or lose one leg by the shear and vortex interaction. This conclusion is made by Liutex definition and mathematical analysis without any physical assumptions. The asymmetry of vortex is caused by the interaction of symmetric shear and symmetric Liutex due to the definition of Liutex, which considers the smaller element of a pair of vorticity elements as the rotational strength. For a 2-D fluid rotation, if a disturbance shear effects the larger element, the rotation strength will not be changed, but if the disturbance shear effects the smaller element, the rotation strength will be immediate changed due to the Liutex strength definition. For a rigid rotation, if both vorticity of the shear and Liutex have the same directions, e.g., clockwise, the Liutex strength will not be changed. If the vorticity of the shear and Liutex have different directions, e.g., one clockwise and one counterclockwise, the Liutex strength will be weakened. Then, the hairpin vortex could lose the symmetry and even deform to a one leg vortex. The one leg vortex cannot keep balanced, and the chaotic motion and flow fluctuation are doomed. This is considered as the mathematical foundation of turbulence formation. This theory has been checked and proved by our DNS results of boundary layer transition.
Introduction
Turbulence is one of the most complex phenomena in nature. It is widely found in the atmosphere, ocean engineering, aviation, aerospace, and industrial engineering [1, 2] . In 1883, Reynolds revealed this complex flow pattern through his famous round tube experiment. For the next over one hundred years, a large number of scientists engaged in turbulence research and solved a large number of engineering problems. However, due to the complexity of turbulence, people have not been able to reveal the universal mechanism of turbulence generation, especially about asymmetry which is a crucial step of turbulence formation. This leads to various turbulence generation theories. Richardson gave a classical turbulence theory by vortex chains generated by large vortex breakdown [3] . But from the direct numerical * Project supported by the National Nature Science Foundation of China (Grant No. 91530325). Biography: Jian-ming Liu (1977-) , Male, Ph. D., Associate simulations (DNS), the vortex chain is never observed. Kolmogorov accepted the Richardson energy cascade and vortex breakdown and thought that the large eddies passed energy to small eddies through vortex breakdown, then continue to smaller, until to reach the Kolmogorov's smallest scale [4] . But by using of the most accurate experimental equipment until now, one cannot find turbulence is caused by the vortex breakdown. Up to now, no effective mathematical principle has been found to explain the generation of turbulence, especially the mathematical principle for symmetrical vortices to become asymmetric in the boundary layer flow transition process. This letter attempts to give a mathematical principle of turbulence generation based on the bias definition of the Liutex/Rortex vector.
Necessary condition for turbulence
Turbulence or turbulent flow is a common type of fluid motion characterized by chaotic changes in pressure and flow velocity. Turbulence is commonly observed in everyday phenomena and most realistic engineering flows [1] [2] . Richard Feynman has described turbulence as the most important unsolved problem in classical physics [3] . Turbulent flow is very irregular, diffusive, dissipative and chaotic. Vortex is the building block and muscle of turbulence with variety of vortices of different sizes and rotational strengths (Liu et al, 2014 ) [4] . Without vortex, there would be no turbulence. Without asymmetric vortex, there would be no turbulence.
Definition of Liutex R 
Many vortex identification methods were developed during the past decades. Among them, the new Omega vortex identification method could be one of the best [4] [5] [6] [7] [8] [9] . Recently, a new physical quantity called Liutex has been given to represent the rigid rotation of fluid motion Gao et al, 2018 ) [10, 11] . Liutex R  is a vector that is uniquely defined by R  = r  . Its direction is defined by the real eigenvector of velocity gradient tensor ∇u  and its magnitude R is defined as the angular speed of rigid rotation, i.e., 2 2 , ,
where r  is the direction of Liutex vector [12, 13] , ω  
we picked the magnitude of R In order to define the magnitude of Liutex/Rortex which should measure the strength of the rigid rotation or angular speed, we have several choices like the maximum, the minimum, or the average. Since there is no rotation, it is apparently inappropriate to pick the maximum or the average which is really a vorticity component
which is appropriate to describe the rotation strength. Since there is no rotation in the laminar channel flow. The boundary layer solution on a flat plate or Blasius solution (Fig. 1b) will lead same conclusion that Liutex magnitude should be
That is there is no rotation in a laminar boundary layer. Furthermore, if a rigid rotation (Fig. 1c) is considered, we have but the left leg may be weakened (becomes thinner) or even disappear. This process will make the original symmetric hairpin becomes an asymmetric hairpin or even a one-leg vortex. One example with the symmetric Liutex is shown in Fig. 2 . Moreover, Fig. 3 shows the one-leg vortex ring appearing in the up-level of the boundary layer and Fig. 4 depicts a secondary vortex ring with one strong leg and one weak leg in the lower boundary layer. Confirmed by DNS and experiments, there are forest of hairpin vortices in the flow transition and early turbulence, but the hairpin vortex could be deformed or degenerated in the lower boundary layer where the viscosity is large or in fully developed turbulence zones due to the shear interaction with legs (Fig. 3) . Note that the condition for the deformation or degeneration of symmetric hairpin is the existence of symmetric shears. That is the reason why in the inviscid flow region, the hairpin vortex keeps symmetric for a long time but the hairpin vortex in the lower boundary layer could quickly lose one leg. The only condition is the existence of fluctuated shear. If the shear moves in a clockwise motion, the clockwise vortex leg will not be affected. However, the counterclockwise vortex leg will be weakened or even disappeared. The asymmetric shearLiutex interaction will cause the asymmetries of the hairpin vortices and further generate more to two asymmetric legs with one strong and one weak or even a one leg vortex. These could happen on the top of hairpin vortices (see Fig. 3 ) or secondary vortices located in the lower boundary layers (see Fig. 4 ).
Asymmetric Liutex and Chaotic
As confirmed by both DNS and experiment, there are many one leg vortices inside the lower boundary layer and fully turbulence. The one leg vortex cannot keep static as the nature of Liutex, which keeps rigid rotation. The asymmetric Liutex will keep unbalanced and keep swinging, which will produce asymmetry with fluctuating, swinging, shaking and chaos. As we addressed early, there is no turbulence if we have no Liutex and no asymmetric Liutex. However, shear is always in the boundary layer, especially in the lower boundary layer and hairpin vortices always appear in the flow transition and early turbulence (see Fig. 5 ). Unfortunately, the interaction of hairpin vortex and shear will cause non-symmetry due to the nature of shear and vortex interaction. Therefore, asymmetry, the one leg vortex, shaking of asymmetric vortices, and chaos are doomed. In other words, turbulence is doomed and that is the nature. 
Shear will not change the rotation strength R if shear and R  have the same directions, but shear may reduce R if they have opposite directions and the shear magnitude is larger than the original shear contained in the original vortex; (4) The symmetric hairpin vortex may lose its symmetry when it interacts with symmetric shear; (5) A one leg hairpin vortex can be weakened or disappear due to the shear-vortex interaction. Therefore, a hairpin vortex is unstable in a boundary layer; (6) One leg or asymmetric vortices are shaking, swinging, chaotic, and then cause turbulence; (7) The nature of Liutex magnitude definition (smaller element of a pair) and interaction of shear and vortex is the mathematical foundation of turbulence generation; therefore, the symmetry loss and chaos are doomed.
